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1.0 INTRODUCTION

Interest has been expressed in the short term stability characteristics of
the ALSEP Data Transmitters. If this stability is adequate, it becomes possible
to use the carrier for certain moon/earth relationship measurements. The pur-
pose of this ATM is to define the carrier stability and to provide samples of
typical stability data applicable to ALSEP's 1 through 4. The data presented
should permit those interested in such potential usc to determine if the stability
is adequate for their needs.

2.0 SUMMARY

Short term crystal oscillator stability is variously referred to as ""rms
fractional frequency deviation', '"'mormalized standard frequency deviation',
"rms frequency deviation', ''rms phase deviation' and others. It is generally
agreed that short term crystal oscillator stability is defined as the normalized
standard deviation of the frequency or phase about the average center frequency
or phase.

The specified value of short term stability for the ALSEP transmitters
used in ALSEP's 1 through 4 (#2 is EASEP) was better than 2.2 x 10-10 parts
per second. Measurements on all AT .SEP transmitters gave results
better than the specification with typical values of flight units showing
0.67 x 1010 parts per second.
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3.0 TEXT
Crystal oscillator short term stability notational symbols are as varied as
is the nomenclature presented in the SUMMARY., Some of the more commonly

used symbols will be used in the prescntation of relationships below:

a) S = short term stability to be determined

statistically derived standard deviation (sigma, §)
of a large sample of frequency or phasce deviations

b) A f or Adp

from the average nominal

c) fo = average frequency of the signal being measured

d) We = 2 n £,

e) Toav = average time of n averaging periods

f) Te = period of the i-th measurement

g) J’r: T = Tav = deviations of the i-th measurement

h) Ty = standard deviation of n periods around the
average period.

i) f - average beat frequency

j) SFe =z deviation of the beat frequency during the
i-th mcasurement

k) c¢= = number of periods counted in Tav

The commonly used basic stability definition is as follows:

1) S=Af = &
fo Wwe Tav
Af
If "rms fractional frequency deviation f, is given and phase stability is

desired, rearrangement of 1) provides the relationship.

2) NP =2Tf (—_‘;F)’h‘w =27 AF Tay
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Measurements of frequency or phase deviation are typically made
by beating the output of the oscillator circuit under test with a known highly
stable oscillator output and measuring the deviations of the lower fre-
quency beat which would ideally be the same as the desired averaging
period 7. Typical methods used to mcasurc the beat deviations vary.
The gated counter method is used for the ALSEPR transmitter short
term oscillator stability measurements. The measurement period 7,
chosen to be approximately one second, is measured by a gated counter.
Thirty (30) consccutive samples are averaged Lo determine the average
period (T 34). The standard deviation of the individual periods (o 1) for the
average lot of 30, is obtained from the standard deviation formula:

o 1 - n 5 1/2
3) “r n }_, (Ti - Tav) ]
i1

standard deviation around
the average period

average period

The equation to use period measurements, instead of frequency mea-

surements is derived below.

) 1 ) fb _ fbt+ &fi - 8fi
Ty T b+ s6fi  fb(fb+ 6fi)  fb(fb + 6fi)

 fb+ &fi 8 fi
Ti T th(tb+ 6fi)  fb (fb + 6fi)

I | __6fi
i b fb (fb + & fi)

6 f; is much smaller than fb may be ignored in the denominator
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! ofi
()) T . N -:—- - - -h_’_.
1 [lb ”b)z }

ofi
7) A'ri Y
(fh)
. O fi . . . -
Since T3 = T,y o.p, T substitute in cquation 3) and oblain:
L ()

2= 1/2

[ [ }‘“ ( o fi
0T == - Ty
n /, 2
i N bS]

! Lo P 2 ~1/2
8) 0T —— ; (6 1)
b i I ]
-n 1/2
2
since [i Z (-6 f1) ] Af
n .
i1
_AL
then ©°7 2
(fb)
2
and Af = o7 (fb)
af ox (1b)°

. ° " fo ' fo
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In usc of the beat frequency method, a one cycle beat is not practical
to adjust and maintain. ‘'I'ypically, a I KlIlz beat is used and the gated
counler is sct to measurce 1000 periods to arrive al one sccond.  The one
sccond period measurements arce therefore an algebraic accumulation of
the individual | millisccond periods and if divided by 1000, represent the
average | millisccond variation bascd on 1 sccond. In order 1o use
equation 9), this 1000 to | rclationship must be considered. The statistical
sigma for 30 samples of once sccond periods must be divided by 1000
{(same as dividing cach | scc sample by 1000 prior to obtaining the sigma).
The stability factor is actually that of the 1 sccond periods, but for
purposes of using the cquation with a fb of 1000, the 1-second sigma must
be divided by 1000 to be consistent with the beat frequency. If it was
desired to obtain S for I/l() sccond periods, the gated counter would be
sct for 100 counts and the 1/10 second period sigma would be divided by
100 before insertion into cquation 9.

For applications using a 1000 Hz beat and a 1000 sample (1 second)
averaging time, equation 9) becomes

S 0T _(fb)
9) ‘o
o1
10) g . C Ub)
fo

where T4y 158 very close to 1. 000 and (fb) is very close to 1000,C becomes
FO0OO and 10) simplifies to

o1 10 K

11) S - *"‘—fz)‘-‘—‘—‘

The measurements for the ALSEP Flight transmitter local oscillators
provided the following data:

¢
fo - 142 x10°
Tave - 1 sec
fb = 1000 Hz

No, Samples = 30
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-7
Typicald . - 95 x 10

-7 3
S s 9_5__’\?_1.9___,,._2‘_-_]..*(?__ .07 < 107

142 « 10°

10

[Figurce 1 shows the test configuration.

The reference oscillator has an & 1 x l()"“ for éf and 1 sec
averaging period or nearly an order of magnitude betlter than the unil under
test. This accuracy is just sufficient to contribule very little error to the
measurcments of the test items.
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SHOR'T TERM STABIL.ITY

CRYSTAL
PRINTER <1 COUNTER<{0OSCILLATOR
STANDARD
(1.000 Scc.) "
S ———
SCOPE TUNED
AMP &
(1000 C/S Square NULI,
Wave) DETECTOR
{
TEST £y
0sC e 10 DB 3 MIXER
AND
FIXTURE T4 281 I;fg)“—r—"
Y
B 3 DB| |SYNTHESIZER
— PfD DRIVER
FILTER* | | HP 51104
(142 Mc) |(142.282 Mc) |
RS REQUENCY
YNTHESIZER
P 5110A
(35.5705-Mc
FREQ
MULT. <= 10 DB
|

NOTE: The Test Fixture and unit under test must be enclosed in a
temperature shield when short-term stability measurements

are to be recorded.

*This equipment is not necessary if the harmonic output of the

synthesizer is able to drive the mixer.

Figure 1 Short Term Stability Test Setup
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